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(54) PROJECTION DISPLAY DEVICE 

(57) In a projection display device provided with an 
optical unit, a power unit, and an outer case housing the 
optical and the power units, an air inlet opening (75) is 
formed at one end section of the power unit and an air 
outlet opening (77) is formed at the other end section. 
The opening (75) is provided near the air inlet of the 
outer case. Since the power unit is provided with the 
inlet openings (75 and 77), the inside of the power unit 
can be cooled independently with high efficiency, and 
the optical and the power units can be arranged closely 
to each other. 



[FIG. 4] 
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Description 

The present invention relates to a projection display. In particular, the present invention relates to a projection dis- 
play provided with an optical unit to optically process the luminous flux emitted from a light source lamp unit and project 

5 the magnified image on a projection surface by a projection lens unit, a power source unit to feed the power to the opti- 
cal unit, and an external case to store the optical unit and the power source unit 

A projection display provided with an optical unit to optically process the luminous flux emitted from a light source 
lamp unit and project the magnified image on a projection surface by a projection lens unit, a power source unit to feed 
the porter to the optical unit an external case to store the optical unit and the power source unit, and a plurality of circuit 

io substrates to control the optical unit has been conventionally known. 

The optical unit of the projection display is provided with a colour separation optical system to separate the lumi- 
nous flux emitted from a light source lamp into the luminous flux of the primary colours, a modulation system to emit 
each of the separated luminous flux as the modulated luminous flux based on the image information, and a colour syn- 
thesis optical system to synthesise each modulated luminous flux and emit it to the projection lens unit, in addition to 

is the light source lamp unit and the projection lens unit which are mentioned above. 

The colour separation optical system and the modulation system of the optical unit are stored and arranged 
together with the light source lamp unit in a light guide in which the prescribed optical path is secured. The light guide 
is split into an upper pari and a lower part to hold the optical elements such as the colour separation optical system from 
the upper part and the lower part. 

20 The colour synthesis optical system and the projection lens unit of the optical unit are mounted on a head plate pro- 

vided with a vertical wall and a bottom wall extending in the horizontal direction from a lower end of the vertical wall. 
More specifically, a base end side of the projection lens unit is fixed to the vertical wall, the colour synthesis optical sys- 
tem is arranged on the bottom wall, and the projection lens unit and the colour synthesis optical system are integrated 
such that the optical axes are aligned with each other through the vertical wall. 

25 The head plate is fixed to the light guide by screwing the lower end part of the vertical wall to a lower light guide so 

that the modulated luminous flux is incident on the colour synthesis optical system on the head plate from the modula- 
tion system in the light guide. In this projection display, it is strongly desired to integrated the system to facilitate the han- 
dling of the projection display and to achieve minimum miniaturisation. 
These projection displays have the following disadvantages. 

30 

(1) A cooling mechanism to cool a light source lamp, a power source unit and a circuit substrate which are stored 
in the external case is built in the above-mentioned projection display. The power source unit is cooled because the 
power source unit is provided with a primary side active filter, a power source, a ballast etc.. and the elements to 
be mounted thereon are the source of heat generation, a heat sink is fixed to each element to store the heat, and 

35 the heat sink is cooled. 

However, the above-mentioned various kinds of optical systems must be mounted on the projection display to 
obtain the parallel luminous flux, and the ratio in volume of the optical system in the external case is increased. If 
the display is fully cooled, each component of the display can not be arranged too closely, raising a problem of lim- 
itations on miniaturisation. Moreover, even if each component is arranged as dose as possible, there raises a prob- 

40 lem that no efficient cooling can be performed. 

(2) In the above-mentioned projection display, the head plate is connected to the light guide at the lower end part 
of the vertical wall, the distance between the connection part and the centre of gravity of the projection lens unit is 
long, and the vertical wall can be deflected by the load of the projection lens unit to cause deviation of the optical 
axis of the colour synthesis optical system from the optical axis of the projection lens unit Because the moment 

45 caused by the disturbance and impact at a part to which the projection lens unit is fixed generates bending stress 

in a root part of the bottom wall and vertical wall of the head plate, the bending stress is also coped with. Thus, the 
vertical wall must be reinforced by providing a large number of ribs, raising a problem that the structure of the head 
plate is complicated. 

so An aim of the present invention is to provide a projection display capable of miniaturising the display, and efficiently 

cooling the inside of the display in the projection display provided with an optical unit to optically process the luminous 
flux emitted from a light source lamp unit and project the magnified image on the projection surface by a projection lens 
unit, a power source unit to feed the power to the optical unit, and an external case to store said optical unit and said 
power source unit 

55 A further aim of the present invention is to provide a projection display capable of simplifying the structure of a head 
plate in the above-mentioned projection display. 

The present invention provides a projection display provided with an optical unit to optically process the luminous 
flux emitted from a light source lamp unit and project the magnified image on the projection surface by a projection lens 
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unit, a power source unit to feed the power to the optical unit and a light source lamp unit, and an external case to store 
said optical unit and said power source unit, characterised in that an air inlet to suck the air for cooling from the outside 
of the display, and a discharge port to discharge the air inside the display outside are formed in said external case, one 
end part of said power source unit is arranged in the vicinity of said air inlet, an opening for suction to suck the air for 

5 cooling into said power source unit is provided in said one end part, an opening for discharge to discharge the air inside 
said power source unit is provided on the other end part of said power source unit, said light source lamp unit is 
arranged between the discharge port formed in said external case and an opening for discharge provided on the other 
end part of said power source unit, and the air to be discharged from the opening for discharge formed in the said other 
end part is distributed inside said light source lamp unit and utilised for the air for cooling said light source lamp. 

w In the present invention, the power source unit is provided with the suction opening and the discharge opening, and 

the inside of the power source unit can be efficiently cooled independently from other parts, and the optical unit and the 
power source unit are closely arranged to miniaturise the display. 

The above-mentioned opening for suction is preferably provided with a suction fan. 

Because the air for cooling can be forcibly sucked inside the power source unit by the suction fan, the cooling effi- 
is ciency inside the power source unit can be further improved. 

The above-mentioned discharge port is preferably provided with a shielding means to cover the discharge port from 
the inside, and, for example, a shielding means of louver type which is formed by laminating a plurality of plate-shaped 
material having the length astride the discharge port is preferably adopted. 

Because the shielding means is provided on the discharge port, no light is leaked from said discharge port even 
20 when the light source lamp unit is arranged in the vicinity of the discharge port, and convenience of the projection dis- 
play is further improved. 

Because the shielding means is formed of louver shape, the discharge from the discharge port is not shielded by 
the shielding means, and appropriate discharge condition can be ensured. 

Furthermore, the above-mentioned light source lamp unit is preferably provided with a light source lamp comprising 
25 a lamp body and a reflector, a box -shaped lamp housing to store the light source lamp, and a vent hole to lead said air 
for cooling to said lamp body is preferably formed on a side of said lamp housing which is approximately orthogonal to 
an opening surface of the reflector. 

Because the lamp housing to constitute the light source lamp unit is provided with the vent hole, the air for cooling 
is fed to the lamp body through this vent hole to promote the cooling efficiency of the light source lamp unit. 
30 The above-mentioned vent hole is preferably provided with a deflector distributing plate to lead the air for cooling to 

the lamp body. 

Because the vent hole is provided with the deflector distributing plate, the lamp body can be appropriately cooled 
when the air for cooling is distributed through the vent hole, and the cooling efficiency of the light source lamp unit is 
further promoted. 

35 When the optical unit is provided with a colour separation optical system to karate the luminous flux into a plurality 

of luminous fluxes, a modulation system to modulate each of the separated luminous fluxes based on the image infor- 
mation and emit it as the modulated luminous flux, and a colour synthesis optical system to synthesise each modulated 
luminous fiux and emit it into the projection lens unit, the above-mentioned air inlet is preferably formed below said col- 
our synthesis optical system. 

40 Because the air inlet is formed below the colour synthesis optical system, the air for cooling to be sucked from the 

outside first cools the colour synthesis optical system and the modulation system. 

After cooling the colour synthesis optical system and modulation system, the air for cooling can cool other hotter 
parts such as the light source lamp unit, the power source unit and circuit substrate, and the inside of the display can 
be efficiently cooled without waste. 
45 Furthermore, when a circuit substrate to control said optical unit is provided on an upper part of the optical unit, 

apart of the air for cooling to be sucked from the air inlet is preferably collected to an upper part of said colour synthesis 
optical system, distributed along the circuit substrate, and discharged from said discharge port. 

Not only one circuit substrate but also a plurality of circuit substrates having different functions may be laminated 
on an upper part of the optical unit, and. for example, a driver substrate and a video substrate may be provided on the 
so optical unit in a laminated condition. 

Because the air for cooling is distributed along the circuit substrate hotter than the colour synthesis optical system 
and modulation system, the air cooling the colour synthesis optical system and modulation system can be used as the 
air for cooling for the circuit substrate, and further, the air after cooling can be used as the air for cooling for the hotter 
light source lamp unit, and the cooling efficiency in the display is further improved. 
55 When the above-mentioned air inlet is formed below the colour synthesis optical system, a dust-proof means is 

preferably provided above the colour synthesis optical system. 

Because the dust-proof means is provided above the colour synthesis optical system, reverse flow of dust, etc. to 
the colour synthesis optical system side can be prevented when the flow of the air for cooling is stopped. 
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The present invention further provides a projection display provided with an optical unit to optically process the 
luminous flux emitted from a light source lamp unit and project the magnified image on the projection surface by a pro- 
jection lens unit, a power source unit of approximate L-shape to feed the power to said optical unit and light source lamp 
unit, and an external case to store said optical unit and said power source unit, characterised in that an air inlet to suck 
the air for cooling from the outside of the display is formed on said external case, said power source unit is arranged 
aside said optical unit, and one end part is arranged in the vicinity of said projection lens unit. 

In the present invention, because an opening for suction of the power source unit is formed in the vicinity of the pro- 
jection lens unit, the air for cooling can be introduced from the gap between the external case and the projection lens 
unit, and the power source unit can be efficiently cooled similar to the above-mentioned constitution, and the display 
can be miniaturised. In particular, the power source unit is of approximate L-shape, the power source unit can be effi- 
ciently stored in a space demareated by the external case, the optical unit and the projection lens unit, and the display 
can be further miniaturised. ' 

An opening for suction to suck said air for cooling into the power source unit is provided in one end part of the 
above-mentioned power source unit, an opening for discharge to discharge the air in said power source unit is provided 
on the other end part of the power source unit, and said one end part of the power source unit is preferably arranged in 
the vicinity of the air inlet provided in the external case. 

Because the power source unit is of approximate L-shape, the opening for suction can be arranged in the vicinity 
of the air inlet to further improve the cooling efficiency of the power source unit. 

The above-mentioned light source lamp unit is preferably arranged between the port for discharge formed in said 
20 external case and an opening for discharge provided on the other end part of the power source unit. 

Because the light source lamp unit is arranged between the port for discharge and the opening for discharge, the 
air for cooling which cools the inside of the power source unit can be used for cooling the hotter light source lamp unit 
to further improve the cooling efficiency in the display. 

The present invention also provides a projection display provided with an optical unit to optically process the lumi- 
25 nous flux emitted from a light source lamp unit and project the magnified image on the projection surface by a projection 
lens unit, characterised in that an outside temperature detecting means to detect the temperature outside the display 
and an inside temperature detecting means to detect the temperature inside the display are provided, and the cooling 
control of said projection display is performed according to the differential temperature between the inside temperature 
to be detected by said inside temperature detecting means and the outside temperature to be detected by said outside 
30 temperature detecting means. 

The cooling control of the display is defined as the control of the air volume by a suction fan, a discharge fan, etc. 
provided, for example, in the display, or the control to turn off the lamp body of the light source lamp unit with large heat 
generation. 

In the present invention, the cooling control of the display is performed according to the differential temperature 
35 between the outside temperature and the inside temperature, and it is possible to understand the actual temperature of 
the components of the display by the temperature of the air for cooling to be discharged, and appropriate cooling control 
can be performed. 

The above-mentioned projection display is provided with the external case to store the light source lamp unit and 
the optical unit, an air inlet to suck the air for cooling from the outside of the display is formed in the external case, and 
40 the outside temperature to be detected by the outside temperature detecting means is preferably the temperature of the 
air to be sucked from the air inlet provided in the external case. 

Because the temperature to be detected by the outside temperature detecting means is the temperature of the air 
to be sucked from the air inlet, the outside temperature of each component of the projection display immediately before 
cooling can be detected, and the cooling control of more excellent accuracy can be performed. 

The present invention additionally provides a projection display provided with a optical unit to optically process the 
luminous flux emitted from a light source lamp unit and project the magnified image on the projection surface by a pro- 
jection lens unit, a power source unit to feed the power to the optical unit, and a external case to store said light source 
lamp unit, said optical unit, and said power source unit, characterised in that said optical unit is provided with a colour 
separation optical system to separate said luminous flux into a plurality of colour luminous fluxes, a modulation system 
so to modulate each of said separated luminous fluxes based on said image information and emit it as the modulated lumi- 
nous flux, and a colour synthesis optical system to synthesise each of said modulated luminous flux and emit it to said 
projection lens unit, said projection lens unit and said colour synthesis optical system are mounted on a head plate, a 
supporting part to support said head plate is provided in said external case, and said head plate is provided with a ver- 
tical wall to which a base end side of said projection lens unit is fixed, a bottom wall which is extended in the horizontal 
55 direction from a lower end part of the vertical wall to support said colour synthesis optical system, and a supported part 
to be supported by said supporting part provided in said external case. 

Said supported part is preferably provided on said vertical wall in the range of height from the position of an upper 
end to the position of a lower end of a contour of said projection lens unit. 
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The range of height from the position of an upper end to the position of a lower end of a contour of said projection 
lens unit includes the same height position as the height position of the upper end and the lower end of the projection 
lens unit. 

In the present invention, the supported part is provided at the height position in the range of the contour height of 
5 the projection lens unit in the vertical wall, and the bending stress generated in a root part (a lower end part) of the ver- 
tical wall of the head plate by the bending moment generated according to the centre of gravity of the projection lens 
unit can be efficiently diffused and absorbed by the supporting part of the external case, the bending stress can be mit- 
igated, and deflection of the vertical wall can surely be prevented. Thus, no complicated reinforcement structure is 
required to be installed on the vertical wall, and the structure of the head plate can be simplified, and the projection lens 
10 unit and the colour synthesis optical system can be correctly positioned through the vertical wall, and the deviation of 
the optical axis can surely be prevented. 

When the contour of the projection lens unit is approximately as large as that of the vertical wall, the supported part 
is preferably provided at the height position of not less than 1/4 from the lower end of said vertical wail when the whole 
height of the vertical wall is defined as 1 , more preferably, in the height range between 1/3 and 2/3. 
75 Further, said supported part is preferably provided approximately as high as the optical axis of said projection lens 

unit. 

If the supported part is provided at such a position, the centre of gravity of the projection lens unit can be approxi- 
mately as high as the supported part, or the supported part can be higher than the centre of gravity, the load on the 
projection lens unit can be efficiently diffused, and the structure of the vertical wall can be further simplified. 
20 Said supported part comprises a fixed surface which is projected from said vertical wall parallel to said bottom wall 

and supported and fixed by said supporting part, and reinforcement ribs orthogonal to the fixed surface are preferably 
erected on said vertical wall. 

When the supported part comprises the fixed surface projected on the vertical wall, the supported part can also be 
used as reinforcement ribs to reinforce the vertical wall. The rigidity of the vertical wail can further be improved using a 
25 simple structure by provided reinforcement ribs orthogonal to the fixed surface. 

Furthermore, said head plate is preferably made of magnesium formed body, and the weight of the display can be 
reduced and the excellent formability can be secured thereby because the specific gravity can be reduced. Moreover, 
magnesium can improve the reliability of the impact resistance while the weight is reduced by taking advantage of the 
thin-walled construction to a maximum. 
30 Embodiments of the present invention will now be described by way of further examople and with reference to the 

accompanying drawings, in which:- » 

Fig. 1 is a front elevational view and a rear elevational view illustrating a projection display related to one embodi- 
ment of the present invention; 
35 Fig. 2 is a top plan view and a bottom plan view of said embodiment; 

Fig. 3 is an outline perspective view illustrating an internal structure of a lower case part of the external case in said 
embodiment; 

Fig. 4 is a horizontal sectional view illustrating an arrangement of the optical unit and the power source unit and a 
structure of the optical unit in said embodiment; 
40 Fig. 5 is a vertical sectional view of the projection display showing the arrangement and structure of the circuit sub- 
strate, and a partial perspective view illustrating the discharge port in said embodiment; 

Fig. 6 is an outline perspective view and a horizontal sectional view illustrating a structure of the light source lamp 
unit in said embodiment; 

Fig. 7 is a horizontal sectional view and an outline perspective view illustrating a structure of a polarising conversion 
45 element to constitute an illumination optical system in said embodiment; 

Fig. 8 is an outline perspective view illustrating a structure of a light guide to store the optical unit in said embodi- 
ment; 

Fig. 9 is an outline perspective view illustrating a structure of the head plate to support the prism unit which is the 

colour synthesis optical system in said embodiment; 
so Fig. 10 is a perspective view illustrating the head plate in said embodiment; 

Fig. 1 1 is a sectional view illustrating the height position of the supported part of the head plate in said embodiment; 

Fig. 12 is a vertical sectional view illustrating a structure of a duct of the air inlet in said embodiment; 

Fig. 1 3 is an outline perspective view illustrating the cooling structure of the optical unit, the power source unit, and 

the circuit substrate in said embodiment; 
55 Fig. 14 is a graph illustrating the control range of the temperature monitoring by the internal temperature sensor 

and the external temperature sensor in said embodiment. 

The projection display which is one embodiment of the present invention is explained below referring to the draw- 



10 



15 



20 



EP 0 866 359 A1 

ings. 

1 . Whole constitution of display 

^9- 1 (A). (B) illustrate a front elevational view and a rear elevational view of a projection display 1 related to the 
first embodiment, and Fig. 2 (A). (B) illustrate a top plan view and a bottom plan view of the projection display 1. 

Said projection display 1 is of approximately rectangular parallelepiped shape, and comprises an external case 2 
in which an optical unit 10 which is mentioned below is stored, and a projection lens unit 6 which is projected on a front 
of the external case 2. 

The external case 2 is split into an upper part and a lower part approximately at the centre of the projection lens 
unit 6, and comprises an upper case 3 to cover an upper surface part of the projection display 1 . a lower case 4 to cover 
a bottom surface part, and a rear case 5 to cover a rear surface part of the projection display 1 illustrated in Fig. i (B). 

2. Structure of external case 



The upper case 3 comprises a rectangular upper wall 3a, right and left side walls 3b, 3c extended downward in an 
approximately perpendicular manner from three sides except its rear side, and a forward wall 3d. 

A large number of communication holes 25R.25L are formed in right and left ends on the forward side of the upper 
wall 3a of the upper case 3 as illustrated in Fig. 2(A). and a built-in speaker (not indicated in the figure) is provided in a 
part inside the display corresponding to the communication holes 25R.25L. An operation switch 26 to adjust the image 
quality, focal point etc. of the projection display 1 is provided in an approximately centre part of the upper wall 3a. 

As is seen from Fig. 1(A), a photoelectric plate 351 to receive a remotely controlled signal having a similar function 
to that of the operation switch 26 is provided on a front surface of the display, and said projection display 1 can be 
remotely controlled. 

25 The lower case 4 comprises a rectangular bottom wall 4a. right and left side walls 4b,4c erected in an approxi- 

mately perpendicular manner from three sides except its rear side, and a forward wall 4d. 

A lamp exchange lid 27 to exchange a light source lamp unit 8 (to be mentioned below) to be stored inside and an 
air filter cover 23 in which an air inlet 240 to cool the inside of the display is formed are provided on the bottom wall 4a 
as indicated in Fig. 2 (B). 

30 A large number of suction holes 271 are formed in the lamp exchange lid 27. and the cooling air is fed to the inside 

of the display not only from the air inlet 240 but also from the suction holes 271. 

Rear end feet 31 R.31 L are provided on right and left corner parts at the rear part of the bottom wall 4a as indicated 
in Fig. 1 and Fig. 2(B), and a forward foot 31 C for height adjustment is provided at the position corresponding to the 
projection lens unit 6 at the forward end, and these are projected to the lower surface side of the bottom wall 4a. 
35 An adjustment mechanism capable of adjusting the projection is provided by turning the rear end foot 31 R, adjust- 
ment in the horizontal direction of the projected screen can be performed thereby. An adjustment mechanism capable 
of performing adjustment in the vertical direction of the projected screen is provided by a foot button on the forward end 
foot 31 C as indicated in Fig. 1 (A) and Fig. 2(A). 

A power source cable shield plate 243 is provided in the lower case 4 as indicated in Fig. 3, and the power source 
40 cable shield plate 243 is provided with a wiring insertion part 244 to cover the AC input line. 

The power source cable shield plate 243 is provided to shield the noise generated from the AC input line, and is 
also used as a bus line of the earth of a power source unit 7, a video substrate 1 1 , and a driver substrate 1 3 which are 
mentioned below. 

Said air inlet 240 is covered by a sponge-like air filter 241 , so as to prevent ingress of dust. etc. A cushion material 
45 242 made of foamed urethane is arranged on the periphery of the air inlet 240, so as to prevent ingress of dust. etc. 
from the periphery of the air inlet 240. 

As is seen from Fig. 2, the forward wall 3d of the upper case 3 and the forward wall 4d of the lower case 4 are 
curved so that where the centre part is slightly projected forward, a circular opening 33 around which an annular rim 32 
is formed, is formed in this part, and the forward end side part of the above-mentioned projection lens unit 6 is projected 
so from this opening 33. 

A tip part of the projection lens unit 6 is supported by a guard part 42 which extends along the bottom wall 4a. The 
guard part 42 is a thick rim to cover the tip part of the projection lens unit 6 in a hood shape. The forward end side of 
the display can be lifted with a hand on the guard part 42 without imposing a burden on the projection lens unit 6. 

A rear case 5 is basically of the structure to guide and hold a telescopic part of the upper case 3 and the lower case 

55 4. 

The rear case 5 is engaged with three hook parts in which its upper end is formed along an inner edge of the upper 
case 3 though it is not indicated in Fig. 1(B), and the rear case is held by screwing and fixing the lower end from the 
inner side of the lower case 4. 
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An AC inlet 51 for the external power supply and various input/output terminal groups 50 are arranged on the left 
side of a rear wall 5d of the rear case 5. and an expansion part 501 is formed on its right side. A discharge port 160 to 
discharge the air inside the display is provided in the expansion part 501. 

Because the AC inlet 51 and the input/output terminal groups 50 to which cords such as the signal cable are con- 
5 nected are arranged on the rear wall 5d of the rear case 5, no signal cables, etc., are connected to a side part of the 
display on which a user is usually present, and this arrangement is convenient for users. 

3. Internal structure of display 

70 Fig. 4 and Fig. 5 illustrate the internal structure of the projection display 1. As is seen from Fig. 4, the optical unit 10 to 
magnify and project the image information, and the power source unit 7 which is arranged aside the optical unit 10 and 
supplies the power to said optical unit 10 are stored in the above-mentioned external case 2. 

An air discharge fan 1 6 to discharge the air in the display and the discharge port 1 60 are provided in a part adjacent 
to the light source lamp unit 8 of the optical unit 10. 
is Furthermore, as is seen from Fig. 5, an air suction fan 24 to suck the outside air into the display and the air inlet 

240 are provided below a prism unit 910 of the optical unit 10. 

A driver substrate 13 and a video substrate 1 1 for drive control of the display are arranged in a laminated manner 
above the optical unit 10. 

20 3-1. Structure of optical unit 

The optical unit 10 comprises the light source lamp unit 8, an optical lens unit 9 to optically process the luminous flux 
emitted from the light source lamp unit 8 and form the optical image corresponding to the image information, the prism 
unit 910 to synthesise the optical image formed by the optical lens unit 9. and the projection lens unit 6 to magnify and 
25 project the synthesised optical image on the projection surface as indicated in Fig. 4(A). 

The light source lamp unit 8 and the optical lens unit 9 are stored in light guide 100 in which an optical path of 
approximately L-shape in plan is secured. The prism unit 910 is arranged in notches 9001,9002 (refer to Fig. 8) of the 
light guide 100. and the projection lens unit 6 is projected from the side of the light guide 100. 

The optical path leading from the light source lamp unit 8 to the projection lens unit 6 is approximately L-shaped on 
30 the whole. Thus, the plan view of the light guide 100 is approximately L-shaped corresponding thereto. The light guide 
100 occupies not less than one half on the rear side of the internal space of the external case 2. 1 

The light source lamp unit 8 is stored at the position of a light source lamp unit storage part 800 as indicated in Fig. 
3 in an exchangeable condition. 

35 3-2. Structure of power source unit 

As is seen from Fig. 4(A), the power source unit 7 is stored in a part other than the part occupied by the projection 
lens unit 6 and the light guide 100 stored in the external case 2, i.e., in a power source unit storage part 700 indicated 
in Fig. 3. The plan view of the power source unit in which a body part extending forward along the side wall 2c of the 
40 external case 2 with Ms base end in the vicinity of the light source lamp unit 8, and an extension part 72 which is bent 
at a forward end part of the body part 71 and faces the projection lens unit 6 is approximately L-shaped. 

A suction opening 75 is formed in a side of an end part of the extension part 72 which is one end part of the power 
source unit 7, and a discharge opening 77 is formed in a side of an end part of the body part 71 which is the other end 
of the power source unit. 

45 Because the air inlet 240 formed in the external case 2 is located below the prism unit 910, the suction opening 75 

is arranged in the vicinity of the air inlet 240 and in the vicinity of the projection lens unit 6. 

A primary side active filter, a power supply, and a ballast are stored in the power source unit 7 though they are omit- 
ted in Fig. 4. 

The primary active filter is provided with FET for transmission, the power supply i6 provided with a diode bridge for 
so rectification, a transmission transistor for D/D converter, and 3-terminal regulator for D/D converter, and the ballast is 
provided with a drive FET for chopper circuit and a reverse current preventive diode for chopper circuit, and these ele- 
ments are mounted on the circuit substrate. 

Because these elements generate heat, and a heat sink is fixed to prevent the temperature rise of the element 
itself, and the heat sink is forcibly cooled by a suction fan 1 7 provided on said suction opening 75. 
55 Taking advantage of the approximately L-shape of the optical unit 10 conversely, the area demarcated by the light 
guide 100. the projection lens unit 6, and the external case 2 is not wasted if the power source unit 7 is also of approx- 
imately L-shape. That means, the optical unit 10 and the power source unit 7 can be efficiently arranged in a narrow 
area, and the projection display 1 can be miniaturised. 
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The input line from the power source unit 7 to the light source lamp unit 8 is connected to the light source lamp unit 
8 through a connector though it is omitted in Fig. 4. The input line is shielded by the shielding material to generate no 
noise 



5 3-3. Arrangement and structure of panel substrate 
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As .ndicated in Fig. 5(A). the driver substrate 1 3 for drive control of the liquid crystal is screwed into an upper sur- 
face of the optical unit 10 above the optical unit 1 0. and the video substrate 1 1 on which a video signal processing circuit 
is mounted parallel thereto is arranged on its upper surface side. A sheet-shaped shield material 12 is arranoed 
between the driver substrate 13 which is located on the lower stage side among these two substrates 1113 and the 
optical unit 10. 

Electrical connection between the substrates 1 1,13 is as follows. A connector 1 10 is arranged on a lower surface 
of the v.deo substrate 11. and a connector 130 capable of plug-in connection into the connector 110 is arranoed on an 
upper surface of the driver substrate 13. a 

Thus, the connector 1 10 is connected to the connector 130 such that the substrates 11.13 are laminated at the ore- 
scribed position. K 

Connection between substrates is performed without placing lead wires or the like in the present embodiment 
Thus, noise generation sources are small in number, and generation of noise can be controlled 

Each end part of the driver substrate 13 and the video substrate 11 are arranged in the vicinity of the rear wall 5d 
of the rear case 5. Input/output terminate of a D-sub connector are directly mounted on end parts in the vicinity of the 
rear wall 5d of the rear case 5 of the video substrate 1 1 to constitute a part of the input/output terminal groups 50 of the 
rear case 5. 

Because *" r,n 9 distance can be reduced between the input/output terminal 50 arranged on the rear wall 5d of 
the rear case 5. and the driver substrate 13 and video substrate 1 1 . the circuit system to process the feeble sianal at 
high speed is difficult to be affected by the noise. 

Furthermore, as is seen from Fig. 5(A). an extension part 12a is provided in the shield material 12 and at least a 
part of the connectors 110.130 is covered by said extension part 12a. Thus, the noise generated from the light source 
lamp unit 8 (not indicated in Fig. 5) arranged approximately and immediately below the connectors 1 1 0 1 30 can be ore- 
vented from being mixed from the connectors 1 10.130. ' 

A strudure where the driver substrate 13 is screwed to the upper surface of the optical unit 10 is convenient when 
the optical unit 10 is sold as a separate part. Generally, the performance characteristic of light bulbs 925R 925G 925B 
built in the optical unit 10 are slightly different for each optical unit 10. To obtain the image of the same quality by every 
optical unit 10. the differences in the performance characteristic must be compensated by the electric adjustment Such 
an electric adjustment is possible by changing the drive condition of the light bulbs 925R.925G 925B That means the 
prescribed drive condition may be stored in the circuit built in the driver substrate 13. If the structure where the driver 
substrate 1 3 is screwed on the upper surface of the optical unit 1 0 is adopted as in the present embodiment the optical 
unit 10 can be sold such that the optical unit 10 and the driver substrate 13 are set in one unit. i.e.. in a condition where 
the electric adjustment is completed, and no electric adjustment is required on the customer side. 

A remote substrate 14 on which a remote signal processing circuit to process the signal to be inputted from a 
mouse, etc.. is mounted, is arranged on a lower surface side of the optical unit 10. and a shield plate 15 is arranged 
between the remote substrate 14 and the optical unit 10. The remote substrate 14 is arranged in: attachable/detachable 
manner to/from the rear end side of the display. i.e.. from the rear wall 5d side of the rear case 5. Even when a circuit 
substrate of different circuit constitution by the model must be used for the remote circuit of a mouse etc it can be eas- 
ily coped with by replacing the remote substrate 14 from the rear end side of the display. An audio substrate 18 to per- 
form the interface of the TV image and the sound signal is arranged in a horizontal condition relative to said end face 
between the end face on the rear case 5 side of the optical unit 10 and the rear case 5. and the audio substrate 18 is 
connected to an end part of the video substrate 1 1 by the wire. Furthermore, as indicated in Fig. 5(B) . a metallic chassis 
19 is arranged between the audio substrate 18 and the rear case 5. The chassis 19 is screwed to the shield plate 15 
and the chassis 1 9 is set to the ground voltage. The mutual wiring distance is reduced by arranging the substrates dose 
to each other to make it difficult to be affected by the noise. 

The audio substrate 18 is fixed to a bend and erection part 19a provided on a part of the chassis 19 by screws 20 
so as to withstand the msert.ng/drawing force to be applied to an interface terminal mounted on the audio substrate 1 8. 

4. Optical system 

The optical system built in the optical unit 10 is explained referring to Fig. 4 (B). 

The optical system of the embodiment comprises the light source lamp unit 8. an illumination optical system 923 to 
unify the in-plane illuminance distribution of the light to illuminate three light bulbs 925R. 925G. 92SB a colour separa- 
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tion optical system 924 to separate the luminous flux to be emitted from the illumination optical system 923, three light 
bulbs 925R. 925G, 925B to constitute the modulation system to modulate each colour luminous flux, a prism unit 910 
as the colour synthesis optical system to re-synthesise the modulated colour luminous fluxes, and the projection lens 
unit 6 to project the magnified synthesised luminous flux on the screen. 

4-1. Light source lamp unit 

The light source lamp unit 8 comprises a light source lamp 801 , and an approximately box-shaped lamp housing 
802 in which the light source lamp is built as indicated in Fig. 6. 

The light source lamp 801 comprises a lamp body 805 such as a metal halide lamp and a reflector 806. and emits 
the light from the lamp body 805 toward the optical lens unit 9. 

A forward side in the optical axis direction of the lamp housing 802 is opened, and vent holes 808,809 to intro- 
duce/discharge the cooling air are formed in right and left sides approximately orthogonal to the forward side. Vent 
holes 803.804 to introduce/discharge the cooling air are also formed in right and left sides of the reflector 806. 

A straightening plate 820 is provided on an inlet of the vent hole 808 for the cooling air as indicated in Fig. 6(B) so 
that the cooling air is efficiently led toward a reflecting surface 806a of the reflector 806 and the lamp body 805. The 
straightening plate 820 is mounted on a side wall 807 in the vicinity of the vent hole 808 in the lamp housing 802 so as 
to hold it, and positioned at a dowel 807a provided on the side wall 807. 

In addition, a notched part 810 is provided in a part of the lamp housing 802 on the side of the vent hole 809 so as 
not to impede the flow of the cooling air. A power source plug 81 1 to supply the power to the lamp housing is provided 
on the side of the lamp housing. 

In the embodiment, the light source lamp 801 is fixed to the lamp housing 802. When the light source lamp 801 is 
exchanged by removing the lamp exchange lid 27 (refer to Fig. 2) of the above-mentioned external case, the light 
source lamp is attached/detached together with the lamp housing 802. 

4-2. Illumination Optical System 

An illumination optical system 923 is provided with an assembly body of small lenses, and comprises' integrator 
lenses 921 ,922 to split the light emitted from light source lamp unit 8 by the small lenses into a plurality of partial lumi- 
nous fluxes, a polarising conversion element 920 to convert the partial luminous flux which is the assembly of the 
beams of random polarising direction into the beam of the same polarising direction, and a superposing lens 930 to 
superpose each of the partial luminous fluxes converted in the beam of the same polarising direction on the surface of 
the light bulbs 925R, 925G. 925B. 

The polarising conversion element 920 is provided with a polarising beam splitter array 9201 and a selective retar- 
dation film 9202 as indicated in Fig. 7, and the polarising beam splitter array 9201 is of the shape where a plurality of 
translucent plates 9203 of columnar shape of parallelogram section are stuck together. 

A polarising separation layer 9204 and a reflection layer 9205 are alternately formed on the interface of the trans- 
lucent plates 9203. 

The polarising beam splitter array 9201 is manufactured by sticking a plurality of plate glasses on which the polar- 
ising separation layer 9204 and the reflection layer 9205 are alternately arranged, and diagonally cutting the plate 
glasses at the prescribed angle. 

The partial luminous flux split by the integrator lenses 921,922 are split into the P-polarised light and the S-polar- 
ised light by the polarising separation layer 9204, and the P-polarised light is converted into the S-polarised light by a 
A72 retardation layer 9206 to be selectively formed on the selective retardation film 9202 and emitted therefrom. 

The S-polarised light is reflected by the polarising separation layer 9204, and further reflected by the reflection layer 
9205 and emitted as the S-polarised light as it is. 

The luminous flux which is arranged into the S-polarised light is reflected by a reflection mirror 931 arranged at a 
corner part of the light guide 1 00, and transmitted to the colour separation optical system 924. 

Because the illumination optical system 923 is provided with the polarising conversion element 920, the utilisation 
efficiency of the light is improved compared with the case where the random polarised light in which the P-polarised 
light and the S-polarised light are mixed is utilised as it is. Further, the colour separation property at dichroic mirrors 
941.942 mentioned below can be improved. Because the S-polarised light is excellent in reflectivity compared with the 
P-polarised light, the S-polarised light is advantageous in that the loss of quantity of light, etc., can be controlled. 

4-3. Colour separation optical system and modulation system 

The colour separation optical system 924 comprises a red and green reflecting dichroic mirror 941 . a green reflect- 
ing dichroic mirror 942, and a reflection mirror 943 as indicated in Fig. 4 (B). 
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The blue luminous flux B contained in the luminous flux emitted from the illumination optical system 923 passes 
through the red and green reflecting dichroic mirror 941. reflected by a rear reflection mirror 943 at right angles, and 
emitted from an emission part of the blue luminous flux toward the prism unit 910. 

The red and green luminous fluxes R,G are reflected by the mirror 941, and only the green luminous flux G is 
reflected at right angles by the green reflecting dichroic mirror 942, and emitted from the green luminous flux emission 
part toward the colour synthesis optical system. 

The red luminous flux Ft passing through the mirror 942 is emitted from the red luminous flux emission part toward 
a light guide system 927. 

Converging lenses 951.952 are arranged respectively on the emission side of the emission parts of the blue lumi- 
nous flux B and the green luminous flux G of the colour separation optical system 924, and the luminous flux emitted 
from each emission part is set parallel by the converging lenses 951,952. 

4-4. Modulation system and colour synthesis system 

The parallel blue and green luminous fluxes B,G are incident on the light bulbs 925B, 925G to be modulated, and 
the image information corresponding to each colour light is added thereto. 

The light bulbs 925B, 925G are switching-controlled according to the image information by a driving means not indi- 
cated in the figure, and each colour light passing therethrough is modulated thereby. 

A known means without modification can be used tor the driving means. 

On the other hand, the red luminous flux R is guided to the corresponding light bulb 925R through the light guide 
system 927, and similarly modulated according to the image information. 

The light guide system 927 comprises an incidence side lens 974. an incidence side reflection mirror 971 , an emis- 
sion side reflection mirror 972. an intermediate lens 973 arranged therebetween, and a converging lens 953 arranged 
on the proximal side of the light bulb 925 R. 

The length of the optical path from the light source lamp unit 8 to each of the light bulbs 925R, 925G, 925B is long- 
est in the case of the red luminous flux R. and the loss caused by the light diffusion becomes a maximum in the case 
of the red light. However, the loss of the red light can be controlled to a certain degree by arranging the light guide sys- 
tem 927. 

The light bulbs 925R, 925G. 925B in the embodiment are liquid crystal light bulbs comprising a pair of polarisers 
and a liquid crystal panel arranged therebetween. 

4-5. Colour synthesis optical system 

Each colour luminous flux modulated through each of the light bulbs 925R. 925G. 925B is incident on the prism unit 
910 to constitute the colour synthesis optical system and re-synthesised herein. 

The re-synthesised luminous flux is projected as the magnified colour image on the screen at the prescribed posi- 
tion through the projection lens unit 6. 

Thus, in the embodiment, the luminous flux emitted from the light source lamp unit 8 is reflected by the reflection 
mirror 931 in the light guide 100, advanced in the detouring L-shaped optical path along the L-shaped plane shape of 
the light guide 100, and reaches the colour separation optical system 924 and the prism unit 910. 

The optical path is set to a maximum though each part of the optical system and is arranged in a narrow area. Thus, 
the luminous flux emitted from the light source lamp unit 8 can reach the light bulbs 925R. 925G, 925B as parallel lumi- 
nous flux while the arrangement and position of the integrator lenses 921,922 and the polarising conversion element 
920 are sufficiently secured using a lens of small F value. 

Because the arrangement and position of the integrator lenses 921 ,922 can be secured sufficiently wide, the split- 
ting number can thus be increased. 

The integrator lenses 921.922 can be arranged in an optically affordable condition, and can be miniaturised as a 
result. In addition, because further telecentric illumination light can be obtained by providing the integrator lenses 
921,922 of the same size, the converged image of each partial luminous flux formed on the polarising separation layer 
9204 of said polarising conversion element 920 can be reduced in size, variance in the size of the converged image can 
be controlled, and the utilisation efficiency of the illumination light can be improved. 

5. Structure of light guide 

The light source lamp unit 8 and all optical elements other than the projection lens unit 6 among the above-men- 
tioned optical systems are held between the upper and lower light guides 901 .902 of the shape indicated in Fig 8 The 
light source lamp unit 8 is stored in a light source lamp unit storage part 800 formed in the lower light guide 901 . 

The upper light guide 902 and the lower light guide 901 are integrated with the prism unit 910 and the projection 
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lens unit 6 through a head plate 903 mentioned below, and fixed to the lower case 4 by lixing screws. Rectangular 
notches 9001 .9002 are formed in a lower side of the lower light guide 901 and an upper side of the upper light guide 

902 respectively to fix the prism unit 910 to the head plate 903. 

An opening part 9004 to feed the cooling air to the light source lamp unit 8 is formed in a partition wail 9003 of the 
5 lower light guide 901 located in the vicinity of the light source lamp unit storage part 800. 

Opening parts 907.908 to cool the illumination optical system 923 are formed in a side part and a bottom part of an 
area 900 in which the illumination optical system 923 of the optical unit 10 is stored. 

An opening part 9021 is formed in an upper part of the upper light guide 902. and the opening part 9021 commu- 
nicates with the above-mentioned opening part 9004 through a duct 9028. 

10 

6. Structure of head plate 

The prism unit 910 is fixed with a fixing screw to a face side (the proximal side toward Fig. 9) of the thin head plate 

903 which is a magnesium die cast plate as indicated in Fig. 9 and Fig. 10. 

75 The head plate 903 basically comprises a vertical wall 91 extending in the width direction of the display in a vertical 

posture, and a bottom wall 92 which extends horizontally from a lower end of the vertical wall 91 and supports the prism 
unit 910. 

A rectangular opening 91b to pass the light emitted from the prism unit 910 is formed in a centre part of the vertical 
wall 91. Four screw holes 91d to fix a base end side of the projection lens unit 6 are formed, and two dowels 91e for 
20 positioning are formed in the vertical wall 91 . Supported parts 93 (only one part is indicated) to be supported by a pair 
of supporting parts 40 (refer to Fig. 3) provided on an inner surface side of the lower case 4 are provided on a part on 
each side of the opening 91b of the vertical wall 91. 

Three communication holes 91 g to be communicated with the lower side of the bottom wall are formed in a part 
corresponding to the mounting position of the prism unit 91 0 in the bottom wall 92. and a mounting part 91 h of the prism 
25 unit 91 0 is formed over the communication holes 91g. 

Screw holes 91c are formed in the mounting part 91 h, and the prism unit 910 is fixed to the head plate 903 making 
use of the screw holes 91c. 

Fixing surfaces 93. which are supported parts to connect the head plate 903 respectively to the columns 40 (refer 
to Fig. 3) comprise a pair of supporting parts provided on the inner surface side of the lower case 4 provided on a part 

30 on each side of the opening 91b of the vertical wall 91. The fixing surfaces 93 are parallel to the bottom wall 92 and 
projected from the vertical wall 91. and supported by and fixed to a receiving surface 41 of the columns 40 of the lower 
case 4. A boss 41b and a screw hole 41c are provided in the receiving surface 41 of the supporting part 40. The boss 
41b is engaged in the hole 93b provided in the fixing surface 93. and screws are inserted in a screw hole 93c, to fix the 
fixing surface 93 to the supporting part 40. Though the fixing part 93 is not necessarily fixed to the supporting part 40, 

35 a problem that the optical axis of the optical system is deviated by an impact or the like from the outside can be solved 
through fixing by screws. 

A planar reinforcement rib 93a orthogonal to the fixing surface 93 is erected on the vertical wall 91 . and the rein- 
forcement rib 93a is integrated with the fixing surface 93. 

The fixing surface 93 is provided in the height range H from the height position of an upper end to the height posi- 
40 tion of a lower end of the contour of the projection lens unit 6 of the vertical wall 91 as indicated in Fig. 11. More specif- 
ically, the fixing surface 93 is provided approximately at the same height position of the optical axis 6A of the projection 
lens unit 6 of the vertical wall 91 . In other words, the height position of the fixing surface 93 is in the height range not 
less than 1/3 to not more than 2/3 from the lower end of said vertical wall 91 when the total height of the vertical wall 91 
is assumed to be 1. The height position of the fixing surface 93 is more preferably the position not less than 2/3 from 
45 the lower end of the vertical wall 91 . 

7. Cooling structure of each component 

In the projection display 1 , the optical unit 10, the power source unit 7, the video substrate 1 1 , and the driver sub- 
so strate 1 3 are forcibly cooled by the above-mentioned air suction fans 24, 17 and the air discharge fan 16. 

7-1. Air suction from air inlet 240, and cooling and dust-proofing of prism unit 910 and light bulbs 925R. 925G. 925B 

As is seen from Fig. 5, the outside air is sucked from the air inlet 240 mainly by the air suction fan 24 provided on 
55 a lower part of the prism unit 910. 

A part of the cooling air sucked from the air inlet 240 is fed as the cooling air for the prism unit 910 and the light 
bulbs 925R, 925G, 925B. 

Fig. 12 is a partly sectioned view illustrating the detailed constitution in the vicinity of the prism unit 910. Fig. 12 
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illustrates only the section of the light bulb 925G. 

Three light bulbs 925R. 925G. 925B are arranged in the vicinity of three light incident planes of the prism unit 910. 
The light bulbs 925R. 925G, 925B in the embodiment are liquid crystal light bulbs comprising a pair of polarisers 
962,963 and a liquid crystal panel 961. The liquid crystal panel 961 and the emission side polariser 963 arranged on 
the light emission surface side thereof are fixed to the light incident plane of the prism unit 910. On the other hand, the 
incident side polariser 962 arranged on the light incident surface side of the liquid crystal panel 961 is fixed to thesur- 
face of the liquid crystal panel 961 side of a metallic polariser fixing plate 960. In the polariser fixing plate 960, an open- 
ing of the sectional area slightly smaller than the sectional area of three light bulbs 925R. 925G, 925B is formed in a 
wall formed so as to surround the light incident planes of three light bulbs 925R. 925G, 925B. The incident side polariser 
962 is fixed by adhering its peripheral part to a peripheral part of the opening. The incident side polariser fixing plate 
960 of the incident side polariser is fixed to the bottom wall 92 of the head plate 903. A flexible substrate 964 is con- 
nected to the liquid crystal panel 961. The flexible substrate 964 is held by a cushion material 9023 attached to a riser 
wall part 9022 provided on the upper light guide 902 and a prism duct 926. A tip of the flexible substrate 964 is con- 
nected to the connector formed on the substrate 13. (not indicated in the figure) 
is The head plate 903 on which the prism unit 910 and three light bulbs 925R, 925G, 925B are mounted is mounted 

on an upper part of the air inlet 240. An air filter 241 arranged to cover the air inlet 240 and a cushion material 242 
arranged on a peripheral part are held by a rib 91f provided on the lower side of the head plate 903, and fixed thereto. 
The air suction fan 24 is arranged between the prism unit 910 and the air filter 241 . 

The light incidence/emission surfaces of the prism unit 91 0 are surrounded by the lower light guide 901 and the ver- 
20 tical wall 91 of the head plate 903. An upper part of the prism unit 910 is covered by the duct 926 comprising a metallic 
mesh 926a and a resin frame 926b. 

A space 91 1 surrounded by the air inlet 240, the vertical wall 91 of the head plate 903, the lower light guide 901. 
and the duct 926 is formed in the vicinity of the prism unit 910, and a cooling passage from the air inlet 240 to the duct 
926 is constituted by the space 91 1 . 
25 The cooling passage is explained in detail. The cooling air sucked from the air inlet 240 by the air suction fan 24 is 

passed through the communication holes 91 g provided in the bottom wall 92 of the head plate 903 to cool the surfaces 
of the prism unit 910. the liquid crystal panel 961. and the incidence/emission side polarisers 962.963. The inci- 
dence/emission side polarisers 962.963 transmit only the prescribed polarised light component of the incident light, and 
absorb the rest of the polarised light component, and so easily generates heat. The polariser is relatively weak against 
30 the heat, and the liquid crystal panel is likely to be changed in its action properties. Thus, the peripheral part of the liquid 
crystal panel is required to be specially cooled. In the embodiment, the incident side polariser fixing plate 960 also 
works as the straightening plate, and the cooling air can be efficiently guided to the peripheral part of the liquid crystal 
panel by the incident side polariser fixing plate. In addition, cooling of the incident side polariser can be specially pro- 
moted by the heat radiation from the polariser fixing plate if the polariser fixing plate 960 is made of a material of high 
35 heat conductivity such as aluminum. 

The dust-proof structure of the peripheral part of the prism unit 910 is explained. 

When dust is adhered to the light bulbs 925R, 925G, 925B which form the image and the prism unit 91 0 which syn- 
thesises the image formed by the light bulbs, the shadow caused by dust or the like appears on the image (projected 
image) to be projected on the projection surface. It is thus preferable to prevent ingress of dust. etc. into the space 91 1 

40 surrounded by the air inlet 240, the vertical wall 91 of the head plate 903, the lower light guide 901 , and the duct 926 
from the viewpoint of improving the quality of the projected image. 

In the embodiment, the air filter 241 and the cushion material 242 are provided as dust-proof means, and ingress 
of dust, etc., from the air inlet 240 into the space 91 1 can be protected thereby. In addition, in the embodiment, the duct 
926 is provided as a dust-proof means, and reverse flow of the dust etc., into the space 91 1 can be prevented thereby 

45 when the air suction fan 24 is stopped. Thus, in the projection display of the embodiment, ingress of dust, etc., into the 
space 91 1 is small, and the image of extremely excellent quality can be obtained. 

7-2. Cooling of circuit substrates 1 1.13 

so The cooling air which cools the prism unit 910 and the light bulbs 925R. 925G, 925B is discharged from the duct 

926, and guided to the upper part of the prism unit 910. and supplied as the cooling air for the video substrate 1 1 and 
the driver substrate 13 provided on the upper part of the optical unit 10 as indicated in Fig. 13 and Fig. 4 (A). A notch 
131 is formed in a part to cover the prism unit 910 of the driver substrate 13 arranged on the lower side so as distribute 
the cooling air along the laminated video substrate 1 1 and driver substrate 13 respectively. 

55 The air to be distributed along the substrates 1 1 .1 3 is guided toward the light source lamp unit 8 by the discharging 
force of the air discharge fan 16. (Route A1) 
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7-3. Cooling of power source unit 7 



A part of the cooling air sucked from the air inlet 240 is also used for cooling the power source unit 7 through the 
opening 91b in the head plate 903. 

That means, the cooling air discharged from said opening 91b is guided to the suction opening 75 provided on one 
end part of the power source unit 7 as indicated in Fig. 13 and Fig. 4 (A). (Route A2) 

As indicated in Fig. 4(A), the suction fan 1 7 is provided in the suction opening 75. The cooling air guided along the 
route A2 is forcibly sucked inside the power source unit 7 by the suction fan 17 to cool the primary side active filter the 
power supply, the ballast, etc. in the power source unit 7. 

The cooling air is then discharged from the discharge opening 77 (not indicated in Fig. 13) provided on the other 
end part of the power source unit 7 by the discharging force of the discharge fan 16. (Route A3) 

7-4. Cooling of illumination optical system 923 



Cooling of the illumination optical system 923 is further explained. As indicated in Fig. 8, the opening parts 907 908 
are formed in the lower light guide 901. The illumination optical system 923 is cooled by sucking the air inside the dis- 
play from the opening parts 907,908. The air in the display is forcibly discharged by the discharge fan 16 (refer to Fig 
4). The air in the display to be naturally sucked from the opening parts 907.908 by the discharging force of the discharge 
fan 16 is used as the cooling air of the illumination optical system. The air after cooling the illumination optical system 
is guided to an opening part 9021 provided in the upper light guide 902 by the discharging force of the discharge fan 
16, and discharged therefrom. (Route A4 indicated in Fig. 4 (A) and Fig. 13.) 



7-5. Cooling of light source lamp unit 8 



25 The air after cooling the circuit substrates 11,13, the power source unit 7. and the illumination optical system 923 

is used for cooling the light source lamp unit 8. The cooling route is explained referring to Fig. 4(A) and Fig. 6. 

The air after cooling the video substrate 1 1 and the driver substrate 13 along the above-mentioned route A1 flows 
into the light source lamp unit 8 through an opening part 9004 (refer to Fig. 8) provided in the lower light guide 902. The 
air is guided along the surface on the opposite side to a reflecting surface 806a of the reflector 806 by the discharging 

so force of the discharge fan 16. and cools it Then, the air is discharged from a notched part 810 formed on the side of 
the lamp housing 802 by the discharging force of the discharge fan 16. (Route A5). 

On the other hand, the air after cooling the power source unit 7 along the route A3 f tows into the light source lamp 
unit 8 through the opening part 9004 (refer to Fig. 8) provided in the lower light guide 902. In addition, the air is guided 
along the reflecting surface of the reflector 806 through a vent port 808 formed in the lamp housing 802 and a vent port 

35 803 formed in the reflector 806 to cool the lamp body 805. (Route A6). As previously described in the explanation part 
of the light source lamp unit 8 referring to Fig. 6. the straightening plate 820 is provided on an inlet of the vent port 808 
and the air flowing direction is changed thereby. The cooling air is guided so as to be directly hit against the lamp body 
805. Thus, the lamp body 805 which is the largest heat generation source in the display can be efficiently cooled. 

In addition, the air alter cooling the illumination optical system 923 along the route A4 is discharged from the open- 

40 ing part 9021 indicated in Fig. 8, and then, guided to the opening part 9004 by the duct 9028. and flows into the light 
source lamp unit 8 therethrough. The air cools the lamp body 805 along the route A6. 

The air after cooling the lamp body 805 along the route A6 passes through the vent port 804 formed in the reflector 
806 by the discharging force of the discharge fan 16. and is discharged from the vent port 809 formed in the lamp hous- 
ing 802. (Route A6). 

45 

7-6. Air discharge structure 



The air discharged from the light source lamp unit 8 is discharged from the discharge port 160 by the discharge fan 
1 6 as indicated in Fig. 4. 

so As is seen from Fig. 5 (A) f a light shielding plate 161 as a light shielding means to shield the light leaking from the 

discharge port is provided on the inner side of the discharge port 160. 

The light shielding plate 161 is of the louver shape in which two plate-shaped member across the discharge port 
160 are partially overlapped though its detailed structure is not indicated in the figure, and the overlapped part of two 
members is arranged corresponding to the notched part 810 in the lamp reflector 806. Because the air is discharged 

55 from a gap part between two plate-shaped members, the air discharge is not impeded. 
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8. Temperature monitoring 

The temperature of the above-mentioned light source lamp unit 8 and three light bulbs 925R, 925G, 925B is mon- 
itored making use of an internal temperature detecting means S1 provided on an upper part of the light source lamp 
5 unit 8, an internal temperature detecting means S2 provided on the video substrate 1 1 above the prism unit 910. and 
an external temperature detecting means S3 provided in the vicinity of the suction opening 75 of the power source unit 
7. The temperature is monitored to prevent excessive temperature rise of the light source lamp unit Sand the light bulbs 
925R. 925G, 925B which are relatively weak in heat. 

The internal temperature detecting means Si detects the temperature of the light source lamp unit 8 and is oper- 
io ated singly. When unnatural temperature rise is detected in the light source lamp unit 8 while the projection display 1 is 
in use, an alarm sound is given (the alarm temperature), and when the temperature rise is not stopped, and the abnor- 
mal condition is further continued, the lamp body 805 is turned off (abnormal temperature). 

The external temperature detecting means S3 detects the temperature in the vicinity of the suction opening 75 of 
the power source unit 7, and detects the temperature of the cooling air entering from the gap between the external case 
is 2 and the projection lens unit 6, and the temperature of the cooling air entering from the above-mentioned opening 91b. 
The external temperature detecting means S3 is provided at this position taking into consideration the point where the 
temperature of the cooling air is approximately equal to the outside air temperature. 

The internal temperature detecting means S2 is provided to detect the temperature rise of the light bulbs 925R, 
925G. 925B by detecting the temperature of the cooling air after cooling three light bulbs 925R. 925G, 925B and the 
20 prism unit 910. The temperature rise of the light bulbs 925R. 925G. 925B is detected by the temperature of the cooling 
air after cooling because the actual temperature of the light bulbs 925 R. 925G, 92 5B can not be measured by a contact 
type temperature sensor in the practical condition of use. 

Cooling control of the light bulbs 925R, 925G, 925B is performed by the difference At of the temperature to be 
detected by the above-mentioned internal temperature detecting means S2 and the external temperature detecting 
25 means S3. Cooling control is defined as the control of the blowing quantity of the fans provided in the display such as 
the discharge fan 16 and the suction fan 24, the control to turn off the lamp body 805 of the light source lamp unit 8 with 
large heat generation, etc. Cooling control of the light bulbs 925R, 925G, 925B is performed according to the difference 
of the temperature to be detected by the internal temperature detecting means S2 and the external temperature detect- 
ing means S3 taking into consideration that the difference between the actual temperature of the light bulbs 925R, 
30 925G, 925B and the temperature detected by the internal temperature detecting means S2 is changed by the external 
temperature. 

More specifically, the temperature is controlled using the lower limit graph G1 for the alarm temperature and the 
lower limit graph G2 for the abnormal temperature, and when the temperature is in the area below the graph Gl , it 
means that the temperature of the light bulbs 925R. 925G, 925B is in the normal condition. When the temperature lies 
35 in the area between the graph Gl and the graph G2, an alarm is given by a buzzer, and when the temperature is in the 
area above the graph G2, the light bulbs 925R, 925G. 925B are in an abnormal condition and the lamp body 805 of the 
light source lamp unit 8 is turned off. 

The formulae of the graph Gl and the graph G2 are derived by the following formulae. 

40 Graph Gl : At(°C) = A x outside temperature (°C) + B (°C) 

Graph G2: At(°C) = C x outside temperature (°C) + D (°C) 

The specific numerical values including intercepts B,D with the Y-axis, and inclinations A.C are different depending 
45 on the structure and arrangement of the projection display 1 . and obtained from the following procedure. 

(1) When the external temperature, i.e., the temperature to be detected by the external temperature detecting 
means S3 is 0°C, when the temperature D of the cooling air to be detected by the internal temperature detecting 
means S2 when the temperature of the light bulbs reaches the limit of the practical temperature, and the tempera- 

50 ture B of the cooling air to be detected by the internal temperature detecting means S2 when the temperature 

reaches the temperature where the temperature of the light bulbs reaches the temperature of paving an alarm are 
measured. The intercepts B.D with the Y-axis of the graphs G1 ,G2 are obtained by measurement. 

(2) When the prescribed external temperature, i.e., the temperature to be detected by the internal temperature 
detecting means S3 is T°C. the temperature T2.T1 of the cooling air to be detected by the internal temperature 

55 detecting means S2 when the temperature of the light bulbs reaches the limit of the practical temperature and when 
the temperature of the light bulbs reaches the temperature of giving an alarm are measured. Further, the value 
D1 (=T2-T) of At when the temperature of the light bulbs reaches the limit of the practical temperature, and the 
value B1 (=T1-T) of At when the temperature of the light bulbs reaches the temperature of giving an alarm. 
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<3) The inclination A.C of the graphs G1 .G2 are calculated from the values obtained following the procedure (1) <2). 
9. Advantage(s) of embodiment(s) 

In the Projection display 1 related to said embodiment, the cooling air sucked from the air inlet 240 is efficiently cir- 

t^X a u^ 

Because the air inlet 240 is formed below the prism unit 91 0. the cooling air to be sucked from the outside first cools 
the pnsm unit 910 and the light bulbs 92SR. 925G. 925B. The space 91 1 surrounded by the air nlet l^oZ vaS 
10 Wa ' 91 <* the h * ad P^ 903 - < he *™ MOW guide 901 . and the duct 926 is formed around the prism un?s To Z £e 
cooling a,r can be guided to the upper part without any leakage. Because the light bulbs 925R. ££ S2 

925R SS^SS'STSK r h arran9 ?J n ^ 91 1 • n ° S6Parate COO ' in9 meChaniSm to^S^ bu^ 
925a 925G. 925B is required to be provided, and the cooling mechanism can be simplified thereby 

>s coo^he^rafes 3 ^ C °°' in9 ^ ab ° Ve - men,ioned ? arts - is dis * ibu ^ *°"9 "otter circuit substrates 11.13 and 

The power source unit 7 is provided with the suction opening 75 and the discharge opening 77. and the inside can 
be eff .cientiy cooled independently from other parts. Because the suction opening 75 of the power ^^ 7 is r^To 

fan 1 7 - 816 heat sink in *• p° wer — »* 7 c - be **** cocw^^TJSEr 

of each element in the power source unit 7 can be further improved 8 en,c,enc y 

20 ^ ^ In addition, the i.lumination optical system 923 can be cooled by the opening parts 907.908 formed in the light guide 

Because the light source lamp unit 8 is arranged closest to the discharge port 1 60 the coolino air for the nrtem ■ ™* 
910, the light bulbs 925R. 925G. 925B. the circuit substrates 1 1.13. the MdTof the w^^Tt^SK STu 

STSS? ^ . ^ a ' S0 bG ^ ^ COO ' in9 th€ li9W S ° urCe ,am P unit 8 ™ e ,amD nous"ng 802 ^ Jon- 
sMutes me light source lamp unrt 8 is provided with the vent holes 808.809. and the vent holes 803 804 ar TformSTn 

2L r 22 S S!,^ 88 ° f refleCt ° r 8 ° 6 - BeC3USe the air is fed to the lamp body 805 through . In^JShSi 

808.80a803.804. tte cooling efficiency of the light source .amp unit 8 is promoted. J^e cooling eff icSy cLn bT ur2j 
improved by the straightening plate 820 provided on the inlet of the vent hole 808 

In the projection display 1 of the embodiment, at least the prism unit 910. the power source unit 7 and the liaht 

£2 ! amP JT ^ be . C °° led ^ thC CO ° ,in9 3ir SUCked ,rom *« air inle1 24 °. and ^ch part can b^JentJy 
cooled even when each part is arranged in a narrow area. eniaenny 

-r .„ Be f >USe priSm Unft 910, the ,ight bulbs 925R ' 925G - 925B ' the cir o"it substrates 1 1 13 the power source unit 
7 the ,..um,nat,on opt,ca. system 923. and the light source ,amp unit 8 are successively cooi*XFoZ™Ze^ 
of relatively low temperature, the cooling eff kaency can be further improved eorinepan 
In addition in the projection display 1 of the embodiment, the discharge port 160 is provided on a rear end part of 
the d.sp ay. and the a,r is not discharged from a side part of the display at which a user is located. Thus no toaffw 

m «,!r^ 'i 9ht ^jT 9 161 iS PrOVid6d ° n 1he inner side of 1,16 discharge port 160 formed in the vicinity 
of the light source lamp unrt 8. the light of the light source temp unit 8 is difficult to leakfrom the discharge port I6?du? 

7sc™ g e£«Z: ^ ShieWin9 P ' a,e 161 iS * ^ ' OUVer ^ ad d06S n0t impede *• air disc^iomte 
Cooling control ol f the , ight bulbs 925R. 925G. 925B is performed according to the difference between the temper- 
ature to be detected by the interna, temperature detecting means S2 and that by the external temperature dSSna 
means S3 i.e.. the temperature difference between the external temperature and the interna, temped ure aix aSro 
priate cooling control can be performed. ' w ° 

Because the fixing surface 93 of the head plate 903 is provided in an area within the height range H of the contour 
of the projection lens unrt 6 of the vertical wa.. 91. the centre of gravity of the projection .ens unit 6 can £ a^h as 
he fixing surface 93 or the f.xmg surface 93 can be higher than the centre of gravity, the bending stress geTerat* ^ 

£2 a nl Veft,Ca "? 91 ^ * e,HCiently miti9ated by the pr °i ection ,ens unit 6 - and def .ection or breakag e ofthe 
vertical wall 91 can surely be prevented. y u,e 

n. at ^^^K 0 o romp ^^i ed J ei^f0fCemen, StruCtUre n6€d provided 0,1 ,he vertical wa » 91 • tne s *^cture of the head 
p ate 903 can be simplified the projection .ens unit 6 and the prism unit 910 can be correctly positioned and delation 
of the optical axis can surely be prevented. aeviauon 

«r-i ^ ol" 0 SUrtaC ** i prov !? d approximate 'y as hi 9 h a s the optical axis 6A of the projection lens unit 6 of the ver- 
tical wall 91 s projected on said vertical wall 91. and the vertical wall 91 can also be used as the reinforcemerrt rib to 
reinforce t^ bottom wall 92. Because the reinforcement rib 93a orthogonal to the fixing surface 93*^^^ 
vertical wall 91 . ngidity of the vertical wall 9 1 can be further improved by the reinforcemem rib 93a and the fLnTsurfice 
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93 with simple structure. Because the prism unit 910 and the projection lens unit 6 are fixed in an aligned manner with 
each other across the vertical wall 91 with excellent rigidity, with the advantage that the possibility of generating any 
positional deviation, i.e., the deviation of the optical axis is extremely small even when an impact or the like is applied. 
In addition, the head plate 903 is made of magnesium, and its specific gravity can be reduced, and the weight of 

5 the head plate 903 is reduced, i.e., the weight of the display 1 is reduced, and excellent moldabiiity can be secured. 
Because the magnesium formed body is excellent in heat radiation, the high temperature of the prism unit 910, which 
easily generates heat, can be prevented by mounting the prism unit 910 on the head plate 903 made of the magnesium 
formed body, and supporting the head plate by the light guides 901 .902. 

The present invention is not limited to the above-mentioned embodiment, but includes the modification as dis- 

10 cussed below. 

In the above-mentioned embodiment, the power source unit 7 is cooled by sucking the air entering from the air inlet 
240 and the air entering from the gap between the projection lens unit 6 and the external case 2 through the suction 
opening 75 , ; but similar effect to that of the above-mentioned embodiment can be enjoyed even by either suction. 

Though the power source unit 7 is provided with the suction fan 17 to forcibly suck the cooling air. the cooling air 
is may be distributed in the power source unit 7 making use of the discharging force of the discharge fan 16 provided in 
the discharge port 160, and furthermore, the suction fan may be provided in the discharge opening 77 to forcibly dis- 
tribute the cooling air. 

In the above-mentioned embodiment, the supported parts comprise the fixing surface 93 projected from the vertical 
wall 91 parallel to the bottom wall 92, and without being limited thereto, for example, the supported parts are extended 

20 from an end part in the width direction of the vertical wall parallel to said vertical wall, and fixed by screws in the hori- 
zontal direction relative to the lower case. Alternatively the supported parts may be a part of the vertical wail, and the 
vertical wall may be directly fixed by screws to the lower case. In short, the shape or the like of the supported parts is 
arbitrary so long as the height position of the supported parts to be connected to the lower case is within the height 
range from the upper end to the lower end of the contour of the projection lens unit 

25 Furthermore, cooling control according to the difference between the external temperature and the internal temper- 

ature can be applied not only to the light bulbs 925R, 925G, 925B but also to the whole cooling control in the display. 

The specific structure and shape in the embodiment of the present invention may be of other design in a range 
where the purpose of the present invention can be achieved. 

In the above-mentioned present invention, in the projection display in which the optical unit and the power source 

30 unit are stored, the power source unit is provided with the suction opening and the discharge opening, the inside of the 
power source unit can be efficiently cooled independently from other parts, the display can be miniaturised by closely 
arranging the optical unit and the power source unit to each other, and the inside of the display can be efficiently cooled. 
Because the centre of gravity of the projection lens unit is approximately as high as the supported parts, or the fix- 
ing part can be higher than the centre of gravity by provided the supported parts to connect the head plate to the light 

3$ guide in an area in the height range from the upper end to the lower end of the contour of the projection lens unit of the 
vertical wall, the weight of the projection lens unit can be efficiently dispersed to the light guide, and deflection of the 
vertical wall can be surely prevented. Thus, no complicated reinforcement structure need be provided on the vertical 
wall, the structure of the head plate can be simplified, the projection lens unit and the colour synthesis optical system 
can be correctly positioned through the vertical wall, and deviation of the optical axis can surely be prevented. 

40 The present invention can be used as a projection display to optically process the luminous flux emitted from the 
light source and project the magnified image on a projection surface, for example, utilised as a video projector provided 
with a liquid crystal light bulb. 

Claims 

45 

1. A projection display provided with optical unit which optically processes the luminous flux emitted from a tight 
source lamp unit and projects the magnified image on a projection surface by a projection lens unit, a power source 
unit to supply the power to the optical unit and the light source lamp unit, and an external case to house said optical 
unit and said power source unit, wherein an air inlet to 6uck the cooling air from the outside of the display and a 

so discharge port to discharge the air inside the display outside are formed in said external case, wherein one end part 

of said power source unit is arranged in the vicinity of said air inlet, wherein, a suction opening to suck the cooling 
air inside said power source unit is provided in said one end part, wherein a discharge opening to discharge the air 
inside said power source unit is provided on the other end part of said power source unit, wherein said light source 
lamp unit is provided between the discharge port formed in said external case and the discharge opening provided 

ss in the other end part of said power source unit, and wherein the air discharged from the discharge opening formed 

in said other end part is distributed inside said light source lamp unit and used as the cooling air of said light source 
lamp unit 
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2. The projection display according to claim 1 , wherein a suction fan is provided in said suction opening. 

3. The projection display according to one of claims 1 or 2, wherein a light shielding means to shield said discharge 
port from the inside is provided in said discharge port 

5 

4. The projection display according to claim 3, wherein said light shielding means is of louver shape in which a plural- 
ity of plate-shaped materials having the length across said discharge port are stacked. 

5. The projection display according to one of claims 1 to 4, wherein said light source lamp unit is provided with a light 
io source lamp comprising a lamp body and a reflector, and a box-shaped lamp housing to store the light source lamp, 

and wherein a vent hole to guide said cooling air to said lamp body is formed in a side of said lamp housing approx- 
imately orthogonal to an opening surface of said reflector. 

6. The projection display according to claim 5, wherein a straightening plate to guide said cooling air to said lamp body 
75 is provided in said vent hole. 

7. The projection cfisplay according to one of claims 1 to 6, wherein said optical unit is provided with a colour separa- 
tion optical system to separate said luminous flux into a plurality of colour luminous fluxes, a modulation system to 
modulate each of said separated luminous fluxes based on said image information and emit the luminous flux as 

20 the modulated luminous flux, and a colour synthesis optical system to synthesise each of said modulated luminous 

fluxes and emit the synthesised luminous flux to said projection lens unit, and wherein said air inlet is formed below 
said colour synthesis optical system. 

The projection display according to claim 7, wherein a circuit substrate to control said optical unit is provided on an 
upper part of said optical unit and wherein a part of said cooling air to be sucked from said air inlet is collected at 
an upper part of said colour synthesis optical system, distributed along said circuit substrate, and discharged from 
said discharge port 

9. The projection display according to claims 7 or 8, wherein a dust-proof means is provided above said colour syn- 
30 thesis optical system. 

10. A projection display provided with an optical unit which optically processes the luminous flux emitted from a light 
source lamp unit and projects the magnified image on a projection surface by a projection lens unit, an approxi- 
mately L-shaped power source unit to supply the power to the optical unit and the light source lamp unit, and an 

35 external case to store said optical unit and said power source unit, wherein an air inlet to suck the cooling air from 

the outside of the display is formed in said external case, and wherein said power source unit is arranged aside said 
optical unit and one end part thereof is arranged in the vicinity of said projection lens unit. 

The projection display according to claim 1 0, wherein said one end part of said power source unit is arranged in the 
vicinity of said air inlet, wherein a suction opening to suck said cooling air into said power source unit is provided in 
said one end part of said power source unit, and wherein a discharge opening to discharge the air in said power 
source unit is provided in said other end part of said power source unit. 

12. The projection display according to claim 1 1, wherein said light source lamp unit is arranged between a discharge 
45 port formed in said external case and the discharge opening provided in said other end part of said power source 

unit. 

1 3. A projection display provided with a light source lamp unit and an optical unit which optically processes the lumi- 
nous flux emitted from said light source lamp unit and projects the magnified image on a projection surface by a 

so projection lens unit, wherein an internal temperature detecting means to detect the temperature in the display and 

an external temperature detecting means to detect the temperature outside the display are provided, and cooling 
control of said projection display is performed according to the temperature difference between the internal temper- 
ature to be detected by said internal temperature detecting means and the external temperature to be detected by 
said external temperature detecting means. 

55 

14. The projection display according to claim 13, wherein an external case to store said light source lamp unit and said 
optical unit is provided, wherein an air inlet to suck the cooling air from the outside of the display is formed in said 
external case, and wherein said external temperature to be detected by said external temperature detecting means 



8. 
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is the temperature of the air to be sucked from said air inlet. 



15. 



10 



A projection display provided with an optical unit which optically processes the luminous flux emitted from a light 
source lamp unit and projects the magnified image on a projection surface by a projection lens unit, a power source 
unit to supply the power to the optical unit, and an external case to store said light source lamp unit, said optical 
unit and said power source unit, wherein said optical unit is provided with a colour separation optical system to sep- 
arate said luminous flux into a plurality of colour luminous fluxes, a modulation system to modulate each of said 
separated luminous fluxes based on said image information and emit the luminous flux as the modulated luminous 
flux, and a colour synthesis optical system to synthesise each of said modulated luminous fluxes and emit the syn- 
thesised luminous flux to said projection lens unit, wherein said projection lens unit and said colour synthesis opti- 
cal system are mounted on a head plate, wherein a support part to support said head plate is provided in said 
external case, and wherein said head plate is provided with a vertical wall to which a base end side of said projec- 
tion lens unit is fixed, a bottom wall which is extended in the horizontal direction from a lower end part of the vertical 
wall and supports said colour synthesis optical system, and a supported part to be supported by said support part 
is provided in said external case. 

1 6. The projection display according to claim 1 5, wherein said supported part is provided on said vertical wall and pro- 
vided within the height range from an upper end to a lower end of the contour of said projection lens unit of the ver- 
tical wall. 



20 



17. The projection display according to claim 16, wherein said supported part is provided approximately at the same 
height position as that of the optical axis of said projection lens unit on said vertical wall. 

18. The projection display according to claims 16 or 17, wherein said supported part comprises a fixing surface which 
25 is parallel to said bottom wall, and projected from said vertical wall and supported by and fixed to said support part, 

and wherein a reinforcement rib orthogonal to the fixing surface is erected on said vertical wall. 

19. The projection display according to one of claims 15 to 18. wherein said head plate is made of magnesium formed 
body. 
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[FIG. 2] 
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[FIG. 4] 
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[FIG. 7] 
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